tumor, and resection of peritoneal tumor were independent factors to predict prognosis. Conclusion. These results showed that the volume scoring system was strongly related to the prognosis, and the patients assessed as Gr I had a great probability of cure by surgery.
Introduction
The most frequent cause of death in gastric cancer is peritoneal metastasis (PM), which is difficult to diagnose preoperatively (in spite of the development of diagnostic imaging) and difficult to cure completely with surgery or chemotherapy. Moreover, a therapeutic strategy has not yet been established, because there is no standardized assessment of PM suitable for statistical analysis. The degree of PM in gastric cancer was originally classified into four grades (P0, P1, P2, and P3) in the Japanese Classification of Gastric Carcinoma, First English Edition (the First Edition) [1] , edited by Japanese Research Society for Gastric Cancer. This classification was changed to two categories, positive or negative PM, in the Japanese Classification of Gastric Carcinoma, Second English Edition (the Second Edition) [2] , because there was no significant difference in prognosis between any two PM-positive groups (P1, P2, or P3) [3] . However, the PM category of the First Edition was so ambiguous in terms of volumetry that it was unlikely to lead to a correct estimate of PM status. For example, any major peritoneal metastasis to the peritoneum adjacent to the stomach was regarded as P1 metastasis, and only 2-mm nodules on the pelvic peritoneum were assessed as P2. The grading of PM in the Second Edition has been greatly simplified. According to this new edition, if a patient shows PM, however small the peritoneal tumor may be, the patient is catego- 
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Background. The degree of peritoneal metastasis (PM) of gastric cancer has been classified into four grades (P0, P1, P2, and P3) in the Japanese Classification of Gastric Carcinoma, First English Edition. However, the PM category in this version was so ambiguous in terms of volumetry that it was unlikely to estimate PM status correctly. We have developed a new volume scoring system for PM, modifying Sugarbaker's classification. Methods. Eighty-five patients with gastric cancer with PM underwent surgery and/or laparoscopy at our hospital at Kanazawa University between January 1990 and December 2000. The grading (Gr) by the volume scoring system was decided according to the sum of scores for nine (in male) or ten (in female) abdominopelvic regions. These regions included left subphrenics, right subphrenics, left flank, right flank, pelvis, omenta, mesentery, small and large bowels, ovaries (only for females), and other intraabdominal organs. Volumetry for each region was carried out using the following categories: VS0, indicating the absence of cancer in a particular abdominopelvic region; VS1, indicating that tumor nodules are less than 10 mm in diameter; VS2, indicating tumors between 1 and 5 cm in diameter; and VS3, indicating that tumor is more than 5 cm in diameter or that an organ is coated by a mat of tumor (confluent disease). The scores for VS0, VS1, VS2, and VS3 were 0, 1, 2, and 3 points, respectively. Total scores of 1 to 3 were the equivalent of Gr I, total scores of 4 to 6 were equivalent to Gr II, total scores of 7 to 9 were equivalent to Gr III, and total scores of more than 9 were equivalent to Gr IV. Results. There was no significant difference between P1 and P2, or between P1 and P3 in survival curves. But the 50% survival times of Gr I, Gr II, Gr III, and Gr IV were 1.23, 0.66, 0.67, and 0.32 years, respectively. The prognosis of Gr I was significantly better than that of any other grades. Eight of the 28 patients (29%) assessed as Gr I survived more than 2 years, whereas only 2 of the 57 (4%) assessed as Gr II, Gr III, or Gr IV did so. Multivariate analysis by Cox's proportional hazard model revealed that the volume scoring, resection of primary rized as stage IV, the final stage of this disease. Recently, cure-oriented surgery for stage IV gastric cancer has been abandoned by most surgeons. We fear, however, that surgeons may miss patients who have a chance of being cured or having their survival prolonged because of inadequate classification of PM in both editions: incompleteness in terms of volumetry in the First Edition and oversimplification in the Second Edition.
When confronted in the operating room with PM from gastric cancer, the clinician must make a decision regarding the possible risks and benefits of aggressive treatment versus best supportive care [4] . It is therefore essential that objective criteria are established by which any clinician can decide on the optimal treatment strategy. In the present study we developed a new semiquantitative scoring system for PM by modifying Sugarbaker's classification (Jacquet and Sugarbaker [5] ), and showed that the patients assessed as Gr I with our volume scoring system had a high probability of being cured by surgery.
Patients and methods
A total of 735 patients with histologically proven gastric carcinoma underwent surgery and/or laparoscopy at the Department of Gastroenterologic Surgery of Kanazawa University between January 1990 and December 2000. Eighty-five (11.6%) of the patients had peritoneal metastases; 50 were males and 35, females; aged from 14 to 84 years, with an average age of 61 Ϯ 14 years. The clinical and pathological findings were based on the guidelines of the first edition of the Japanese Classification of Gastric Carcinoma (the First Edition), edited by the Japanese Research Society for Gastric Cancer. According to the First Edition, the degree of peritoneal metastasis is defined as: P0, no peritoneal metastasis; P1, metastases to the adjacent but not to the distant peritoneum; P2, a few metastases to the distant peritoneum; and P3, numerous metastases to the distant peritoneum. The adjacent peritoneum is defined as including the peritoneum of the lesser sac as well as the lesser and greater omenta.
Cytoreductive surgery for the primary tumor and the peritoneal tumor was performed in 66 (78%) and 33 (39%) patients, respectively ( Table 1 ). The resection of peritoneal tumor included picking-up resection of peritoneal nodules (n ϭ 24) and subtotal peritonectomy (n ϭ 9). Fifty-two patients (61%) underwent intraperitoneal chemotherapy using cisplatin, mitomycin C, and etoposide.
We assessed the distribution and the volume of the intraperitoneal tumors. Using a modified version Jacquet and Sugarbaker's classification [5] , we divided the abdominopelvic anatomic sites into ten regions for the separate assessment of peritoneal tumors (Fig. 1) . The abdominopelvic regions comprise five parietal and five visceral regions on the peritoneum. The parietal regions consist of the left subphrenics, right subphrenics, left flank, right flank, and pelvis. The upper transverse plane is the lowest aspect of the costal margin and the lower transverse plane is the aspect of the anterior superior iliac spine. The visceral regions consist of the minor and major omenta, mesentery, small and large bowels, ovaries (only for females), and other intraabdominal organs.
For volumetric scoring for each region, we used the following categories: VS0, absence of cancer in a particular abdominopelvic region; VS1, tumor nodules less than 10 mm in diameter; VS2, tumors between 1 and 5 cm in diameter; and VS3, tumors more than 5cm in diameter or an organ coated by a mat of tumors (confluent disease) ( Fig. 2A,B) . The scores for VS0, VS1, VS2, and VS3 were 0, 1, 2, and 3 points, respectively. Grading (Gr) based on volumetric scoring was decided according to the sum of the scores for nine (in males) or ten (in females) abdominopelvic regions. A total score of 1 to 3 was the equivalent of Gr I, a total score of 4 to 6 was equivalent Gr II, a total score of 7 to 9 was equivalent to Gr III, and a total score of more than 9 was equivalent to Gr IV.
Significant differences in proportions were determined with the 2 test. Patient survival was calculated by the Kaplan-Meier method, and survival curves were compared by the log rank method. Multivariate analysis for prognostic values was carried out using Cox's proportional hazards regression model. Statistical significance was defined as a P value of less than 0.05. 
Results
Our assessment resulted in categorizing 28 patients with Gr I, 21 with Gr II, 16 with Gr III, and 20 with Gr IV. The patients with Gr IV were significantly younger than those with Gr I (Table 1) . The lower the grade of PM was, the more often resections of the primary tumor and the peritoneal tumor were performed. No statistically significant relationship could be established between status of the macroscopic type, depth of tumor invasion (T factor), liver metastases (H factor), lymph node metastases (N factor), or intraperitoneal chemotherapy. The classification by the First Edition (P1, P2, and P3) was compared with the grading by the volume scoring system. All the patients assessed as P1 were categorized as Gr I. Sixteen of the 30 patients assessed as P2 were categorized as Gr I, 11 as Gr II, 2 as Gr III, and 1 as Gr IV. The patients assessed as P3 comprised 1 in Gr I, 10 in Gr II, 14 in Gr III, and 19 in Gr IV. The volumetric scoring (degree) and distribution of PM are shown in Table 2 . Peritoneal tumor was found on mesentery (64%), pelvis (55%), left subphrenics (39%), right subphrenics (35%), omenta (35%), right flank (34%), left flank (33%), bowels (25%), ovaries (23%), and other organs (13%) in order of frequency. VS2 (tumors between 1 and 5 cm in diameter) appeared the most frequent of VS categories at all of the abdominopelvic anatomic sites.
The 50% survival times for the P1, P2, and P3 categories according to the First Edition were 1.14, 0.92, and 0.32 years, respectively (Fig. 3) . There was no significant difference in survival between P1 and P2, or between P1 and P3, while the survival of the P2 patients was significantly better than that of the P3 patients (P Ͻ 0.001). Survival analysis according to the volumetric scoring system showed that 50% survival times for Gr I, Gr II, Gr III, and Gr IV were 1.23, 0.66, 0.67, and 0.32 years, respectively. The prognosis in Gr I was significantly better than that in the other grades, including Gr II, III, and IV (Fig. 4) . Eight of the 28 patients (29%) assessed as Gr I survived for more than 2 years, whereas only 2 of the 57 (4%) assessed as Gr II, Gr III, or Gr IV did so. Next, we examined whether resection of the primary tumor was effective for prolonging the survival of Gr I (Fig. 5) . As expected, the survival of the patients assessed as Gr I who had undergone resection of the primary tumor was much better than that of patients who had not (P ϭ 0.01). Multivariate analysis by Cox's proportional hazards model revealed that the volume scoring (Gr II ϩ III ϩ IV/Gr I) (odds ratio, 3.18; 95% confidence interval [CI], 1.56-6.49; P ϭ 0.0015); resection of primary tumor (odds ratio, 0.44; 95% CI, 0.22-0.90; P ϭ 0.023); and resection of peritoneal tumor (odds ratio, 0.50; 95% CI, 0.25-0.98; P ϭ 0.043) were independent prognostic factors (Table 3) . However, the PM classification of the Fig. 2 . A Volume scoring system for peritoneal metastasis (modification of classification by Jacquet and Sugarbaker [5] ). The degree for the volume scoring was semiquantitatively assessed according to the size of the peritoneal metastasis. Degrees of VS0, VS1, VS2, and VS3 were scored as 0, 1, 2, and 3 points, respectively. Points for volume scoring were added for all regions (regions shown in Fig. 1) . B Representative photographs of peritoneal metastases according to volume scoring. The volume scoring was performed during laparotomy or laparoscopy B A Fig. 3 . Survival curves determined according to the classification in the first English edition of the Japanese classification of gastric carcinoma. The 50% survival times of the P1, P2, and P3 categories were 1.14, 0.92, and 0.32 years, respectively. There was no significant difference (n.s.) in survival between P1 and P2, or between P1 and P3 Fig. 4 . Survival curves determined by the grading in the volume scoring system. The 50% survival time of Gr I was 1.23 years, while that of the other grades, including Gr II, III, and IV, was 0.54 years. The prognosis of Gr I was significantly better than that of the other grades Patients with metastases to liver and/or paraaortic lymph nodes were excluded from the analysis. The 1-year and 2-year survival rates of the patients who underwent resection were 76% and 47%, significantly better than the rates of 50% and 0% for the patients who did not undergo resection (log rank test, P ϭ 0.01)
First Edition (P2 ϩ 3 / P1) (odds ratio, 0.51; 95% CI, 0.18-1.44; P ϭ 0.20) was not found to be a predictor of survival. Paraaortic lymph node metastasis and cytology showed marginal importance as prognostic factors.
Discussion
For most malignant tumors the prognosis depends upon the size or volume of the primary tumor. It is only natural to choose these as one of the prognostic factors for survival analysis. The PM categories in the First Edition of the Japanese classification of gastric carcinoma are so ambiguous in terms of volumetry, however, that it is unlikely that the status of PM can be correctly estimated. The four degrees of PM (P0, P1, P2, and P3) [1] defined in this edition were not determined by measuring the peritoneal tumor burden or by any other objective methods. When the Japanese classification of gastric carcinoma was revised in 1998 to accord with the TNM classification of The International Union Against Cancer (UICC) [6] , this classification for PM was abandoned because there was no significant difference in prognosis between any two PM-positive groups (P1, P2, or P3) [3] . The degree of peritoneal metastasis in the Second Edition is simply defined as: P0, no peritoneal metastasis; P1, peritoneal metastasis; and PX, unknown. The M-category in the TNM classification includes all types of distant metastases, such as those in liver, lung, and peritoneum, while in the Second Edition, the "P" and "H" categories are independent of the "M" category. However, the categorization of PM in the Second Edition has become very similar to that of the "M" category of the TNM classification. The problem is that assessment of the tumor burden of the PM is completely omitted from both classifications; that is, the presence or absence of PM is the only determinant, regardless of the size, volume, and distribution of PM. It seems that no quantitative estimation of PM has been reported, except for Jacquet and Sugarbaker's classification [5] . We previously developed and used a classification that grouped the macroscopic features of PM into three types; tubercular, nodal, and diffuse [7] . However, there was no significant difference in survival between these three types. We, therefore, planned this study to show the importance of volumetry of PM in gastric cancer. The rationale for palliative operation for patients with PM is still controversial. Ouchi et al. [8] suggested that gastrectomy should be performed for patients with a minimal amount of PM (P1), and that resection for moderate or extensive PM (P2 or P3) had no beneficial effect on survival or quality of life. On the other hand, another author has stated that the extent of PM did not affect prognosis and that palliative gastrectomy was indicated for patients, regardless of the extent of PM, if the primary tumor was surgically resectable and without any evidence of liver metastases [9] . Furthermore, subtotal peritonectomy has been recommended for patients with PM at a few institutes [10] . But the indications for resection and the operative procedures in the surgical strategy for the treatment of PM remain to be clarified. In the present study, we provided evidence that, if the volume of the peritoneal tumors was as small as Gr I, the patient had a high probability of good prognosis and cure-oriented surgery should be carried out. It is likely that our classification will help to confirm the application and the benefits of resection of primary tumors for patients with PM.
Our classification should be used for macroscopic and histological findings, and not for radiological or ultrasonographic methods. Jacquet et al. [11] demonstrated that diagnostic imaging showed only 50% accuracy for lesions from 0.5 to 5 cm in diameter, while above 5 cm the accuracy was 90%. Exploratory laparoscopy is a less invasive method to assess PM than open laparotomy, and laparoscopy matches laparotomy in capacity to diagnoste PM [12] . Our diagnostic and therapeutic strategies for PM are as follows. When preoperative laparoscopy discloses a small amount of PM such as Gr I, cure-oriented surgery, including resection of the primary tumor and partial peritonectomy (of the region bearing peritoneal tumors) is performed. But when massive PM is present, anticancer agents, such as various combinations of 5-fluorouracil, mitomycin C, cisplatin, and etoposide are administered systemically and intraperitoneally as neoadjuvant chemotherapy. If the chemotherapy is effective, laparoscopy is carried out again. If second-look laparoscopy demonstrates complete or near complete remission of PM, cytoreductive surgery is considered; if not, second-line chemotherapy is tried, using docetaxel or paclitaxel.
